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ABSTRACT 
 
“Smaller is Better” is the dictum of the present day electronics. In this respect, the 
bandgap engineered silicon-germanium heterojunction bipolar transistor (SiGe HBT) 
technology has emerged as a viable candidate for a wide variety of electronic applications 
operating in extreme environments like space and high energy physics experiments. For 
future deep space probe applications and in the up-gradation of electronics in the ATLAS 
detector of LHC, CERN, one should show that SiGe HBTs can withstand high dose 
radiation. Therefore it is important and interesting to study the radiation tolerance on the 
electrical characteristics of 50 GHz and 200 GHz SiGe HBTs up to a very high total dose 
(100’s of Mrad). The irradiation time taken to reach such high total dose is very high with 
60Co gamma irradiation facilities. An alternate to 60Co gamma radiation is the high-
energy heavy ion irradiation. Therefore, the radiation tolerance of SiGe HBTs were 
studied using 60Co gamma radiation and different high-energy ions such as 50 MeV 
lithium, 75 MeV boron and 100 MeV oxygen ions up to 100 Mrad (Si) of total dose. The 
60Co gamma irradiation results were compared with the ion irradiation results in the same 
dose range of 600 krad to 100 Mrad. The I-V characteristics of un-irradiated and 
irradiated devices were measured using Keithley dual channel source meters model 
2636A and 2612A. The electrical characteristics such as forward mode and inverse mode 
Gummel characteristics, excess base current (ΔIB = IBpost - IBpre), current gain (hFE), 
damage constant (K), neutral base recombination (NBR), avalanche multiplication (M-1) 
and output characteristics were studied before and after irradiation. The base current (IB) 
of irradiated SiGe HBT was found to increase significantly after irradiation and in turn 
decrease the hFE. The electrical stress also creates damage in SiGe HBTs, similar to the 
radiation-induced damage. Therefore, mixed mode electrical stress effects were studied 
for 10,000 seconds. The irradiation results were systematically compared with mixed 
mode electrical stress results. Further, the recovery in the electrical characteristics of 
irradiated and stressed SiGe HBTs were studied by isochronal and electrical annealing. A 
unique bias condition was identified to study the electrical annealing of SiGe HBTs. The 
significant recovery in the I-V characteristics of SiGe HBTs were observed after 
annealing. The isochronal and electrical annealing results were compared and identified 
more recovery in the I-V characteristics after electrical annealing. The electrical 
characteristics of SiGe HBTs are acceptable even after 100 Mrad of total dose. The 
results of the present investigation will find applications in the field of space, high-energy 
physics, nuclear radiation environments and by device layout engineers. 
